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ABSTRACT: Oneof sereral key elementsof the Project Integration Architectue (PIA) is the intentionto formulate
parameterobjectswhich corvey meaningfulsemantidnformation. In sodoing it is expectedhat a level of automation
canbeachievedin the consumptiorf informationcontentby PIA-consuminglientsoutsidethe programmaticboundary
of a presenting?lA-wrappedapplication. Thispaperdiscussethestepghathavebeenrecentlytakenin formulatingsud

semantically-meaningfyglarametes.

1 Introduction

The analysisof the whole of an engineeringsystemfre-
guently involves a numberof cooperatinganalysesgach
focusingon a particulardiscipline of analysisrelevant to
the whole. Eachof theseanalysesijn turn, dealswith a
numberof parametergharacterizinghe particularsof the
analysis. Traditionally the meaningof theseparameters
is ‘understood’only within the applicationcodein which
they arefound. This understandings in the form of pro-
gramstatementsvhich consumesachparticularparameter
asaninputto a computationpr generatghe parameteas
aresultof acomputation.

To anotheranalysis,sucha parameteiis only a number
without meaningat leastuntil suchtime asa userof that

otheranalysissuppliesthe parameteasan input in some
particularspot. By sodoing,semantianeanings attached
to the number but thatunderstandings, again, by the na-

tureof the codingin which theinputis used.The consum-
ing analysigs notableto look atthenumberansay“Ah, a

viscosity Justwhat| need., butis insteadtold “Hereis a

number Useit astheviscositynumberin the progrant.

Thenatureof thistraditionalmethodor establishinghese-
manticmeaningpf aparameteresultsn thepersistenheed
for somethingusuallyaperson)o arrangehings.lt is this
needthat so often hamperghe arrangemenof cooperat-
ing analysiscodesnto, well, cooperatingnalysisodes.It
is oftenthe casethatthe cooperations betweerthe people
tendingthecodegsatherthanbetweenheapplicationcodes
themseles. Not infrequentlythis cooperatiordevolvesto
themostcumbersomegrrorprone,manuaformsimagine-
able.

Of coursemary worthy attemptshave beenmadeto treat
the topic of codecooperationusuallythroughthe vehicle
of awell-known file formatto beaccepte@ndsupportedy
all of the codesof a cooperatingsuite.In suchapproaches,
the semantiomeaningof a parameteis establishedy its
locationwithin thefile structure.For instancejn asimple
file structure,it might be declaredthat the sixteenthnum-
berin thefile is alwaysthe exit total pressureof the flow
field describedy thefile, whateverthatflow field mightbe.
Sucha solutionto the problemis, of courseentirelyvalid,
but for mechanicateasonghe approacthasnot achieved
widespreadcceptance.

In dealingwith this area,the Projectintegration Architec-



ture (PIA) [1] takes a differentapproachby capitalizing
uponthe objecttechnologywith which it is implemented.
Objectsare, to begin with the abstract,programmingen-

tities that have functionality and state. That is, objects
have dataandthey will dothingsto andbasednthatdata.
Objects,further, areof distinctkinds which canbe distin-

guishedasa programmingact.

Giventhisfirst basisof objecttechnologyit is thenanatu-

ral extensionto consideobjectkindsasbeingor represent-
ing particularthings;thiskind of objectis aprinting device

while that kind of objectis a bankaccount. By this sim-

ple step,semanticmeaningis now attachedo the object

baseduponits distinguishabléind. Objectsof this partic-

ular kind areunderstoodishankaccountsandthe number
they yield up is, obviously, the currentbalancein the ac-

count.

It is preciselythis capacityof objectswhich PIA usesto
establishthe semanticnatureof parameters An objectof
this particularkind is understoodo be a gastotal pressure
and,thus,thenumberit provideswhenrequesteds notjust
a numbey but a gastotal pressurenumber By this for-
mulation,PIA establishethe semantimatureof ary given
numbemotby its positionin afile or astructureor aninput
stream,but by the kind of objectin which the numberis
presentedThus,atotal pressures atotal pressuravithout
regardto whereit is found.

2 Substantive Details

2.1 Basic Parametric Object

As indicatedin theintroductionabove, PIA establishethe
semantimatureof parameterdy meansf the objectkind
in whichary givenparameters presentedThis choice far
from beinga lightning stroke of technologicainnovation,
is nearlydictatedby the natureof the object-orientedech-
nology within which PIA is beingimplemented.It flows
naturallyfrom the conceptof an objectkind andfrom the
mechanismsvhich allow objectkindsto be distinguishin
thecourseof programoperation.

PIA usesthe further conceptof objectinheritancein this
semantiaise.ln mary object-orientedechnologysystems
(includingthoseusedto implementPIA), objectkinds (or,
more correctlyin C++ terminology the classesof which
the objectsareinstancesnay be derived from other base
objectkindsand,in sodoing, inherit the characteristicef
the basekind. (In someobject-orientedechnologiespb-
ject classesnay be derived from morethanoneclass,in-

heritingthecharacteristicsf all the baseclasseshowever,
the PIA project,asa choice,hasadheredo a strict single-
inheritancedesign.) This derivation and inheritancemay
proceedon layerby layer, deriving kind from kind, to ary
practicaldepth.

UsingtheseobjectconceptsPIA first declareghatthereis
anobjectkind thatis, simply, a parameterAt this level, a
parameteis consideredo be someasyet unspecifiecen-
tity definingin partthe stateof anapplication.The combi-
nationof the completesetof parameteref anapplication
definesa uniquestatefor thatapplication.

The parameterbject, as mentionedabore, doesnot yet
specifywhatits contentis. Neverthelessa numberof use-
ful characteristiceommonto all parameteraredefinedat
this level. Among otherthings,a parametemay be noted
to be eitheran input or an outputof the analysis(or both
if appropriateandpossiblyneither),andit may participate
in aparametriddependencgraphin which changesn one
parametemay necessitatehangesn one or more other
parameters.

Anothersmall contritution at this level is theimplementa-
tion of changéhistorymechansismsai/hile theexactnature
of a parametes contentis still completelyundefinedit is

presumedhatits statecanberepresentedsatext. Mech-

anismsareprovidedto capturedate, andrecordsuchatext

asrepresentinghe prior stateof a parameteiat the time

of somesignificantchange. Thus, all parameteiobjects,
of whatever type, have availablea mechanisnfor tracking
their historythroughthe engineeringrocess.

2.2 Structural, Atomic Forms

With the parametenbjectkind asa basis,PIA thenpro-
ceeddo specializehatkind by declaringderivativesto rep-
resentscalay vector and matrix parametersAt this level
the questionasto just whatis arrangednto scalay vector
or matrix form is still open,but the structuralarrangement
of informationwithin theparameteis now clear Function-
ality is provided by eachobjecttypeto facilitateaccesgo
datawithin its structuraform.

Another structuralform is derived from the foundational
parametefevel: the organizationalparameterThegeneral
outlook of the organizationalparameteis thatit contains
no directly consumabledata (that is, it hasno pressures
or velocity vectorsor the like), but insteadcontainsinfor-
mationandstructurewhich organizeotherparameterinto
a whole. The adwantageof the organizationalparameter
is two-fold: it avoidsa protocol-basedonstraintuponthe



parametricidentification systemof the applicationarchi-
tecture(again, se€[1]) andit addsa considerabl@rogram-
maticflexibility for parameteprganizationandnavigation
thatdoesnotexist in the staticidentificationsystem.

Specializatiorof the scalar vector and matrix parameter
formsproceedsvith anotherdayerof derivationto provide
thevariousatomicdatatypescommonto engineeringnal-
ysis. Boolean,long (integer),double (floating point), and
stringformsarederived (asappropriatejor thescalarvec-
tor, andmatrix foundations.

2.3 Measurement Forms

The next derivational layer addsto double parametric
formsthe variousconceptor metricsof measuremerjg].
Thatis, first a form declaringthat dimensionalityexistsis
definedfollowedby objecttypesbasediponthatform that
encapsulatéhe conceptsof length, time, velocity, mass,
temperatureandthelike. A nondimensionalorm explic-
itly declaringhattheencapsulatedarametedoesnothave
a dimensionalcharacteristids also definedas, paradoxi-
cally, aderiative of thedimensionaform.

The dimensionabaseform providesfunctionality to con-
vert the encapsulatedneasuremenbetweenvarious sys-
temsof measurementhederiveddimensionaformsneed
only add particularsasto the dimensionalnatureof their
form. Thus, given, say a force object, forces are con-
verted betweenpounds, Newtons, and dynessimply by
chosingthecorrectaccesgunctions.In thecaseof thenon-
dimensionaform, theparticularsaddedarethatthereis no
actualdimensionahatureto the form; however, by sodo-
ing, non-dimensiongbarametersnaybefreely intermixed
with dimensionaformsin computations.

The conversion of measuremensystemsis considereda
helpful,if notentirelyrevolutionary innovation. Codethat
acquiregnformationfrom suchparametersanachiese in-
sensitvity to theactualmeasuremergystenmof the param-
eterby the simpleactof requestingnformationin the de-
sired measuremengystem. Further codemay be written
thatdoesnot explicitly know whatsystemof measurement
it is working in by askingthe hostobjectfor a codenum-
berspecifyingthe measuremergystemandsupplyingthat
returnedcodeto otherparametersontributing to the com-
putation.

Proceedindpeyondthis measuremergystemayer, deriva-
tion of parameteforms movesto physical types. Things
suchasgasstaticandtotal pressuresnthalpiesMachand
Reynoldsnumbersandthe like are defined. Derivational

layeringis still presento accomodatepecializationgven
of theseforms. For instanceMachnumbercanbe special-
izedto forms suchasthefarfield Mach number the local
Machnumberand,again, thelike.

2.4  Ancillary Information

The establishmenbf semantictype by object kind de-
scribedabove is not always sufiicient to establishthe use
(or non-use)of a particularparameter For instance,in
thepresensef multiple instance®f aparticularparameter
kind, somefurtherdiscriminatormaybe neededo identify
which parameteof the setis theappropriateone. Unfortu-
nately suchselectionareusuallyspecificto theneedsand
semantic®f the situationandno singlemechanisntanbe
definedwhich providesa universallyusefulapproach.

Onefactorthatis oftenimportantin suchsituationsis the

physical location of the information encapsulatedby the

parameter Thatis, wherein the geometricalspaceof the

engineeringsystemdoesthis parameteapply For exam-

ple, the total pressureof the gasflow at the exit of a jet

enginefanassemblyis of particularinterestto a compres-
sor analysiswhile the total pressureof the flow at the fan

entrancas of little relevance.

To provide this sort of information, PIA providesa posi-

tional descriptionform asa part of its larger attachedde-

scriptive mechanism. Each applicationobject (of which

parameteobjectsare,themseles, a kind) canattachone
or moreof awide setof descriptve forms at eachderva-

tional level of the applicationobjectkind. By makinguse
of this mechanisnandattachinga positionaldescriptiorto

aparameterespeciallywhenmary parametersf thesame
kind coexist, a mechanisnof discriminationmay be pro-

vided.

The positionaldescriptionis, naturally not the only type
of ancillary information that can, or could be, added. A

propulsiorstationdescriptiorhasbeendevised,aswell asa
deliberatelynetulusrelatedparametemechanismindeed,
the limits of invention are the only practicalfrontier for

suchmechanisms.

2.5 Contextural Information

A further opportunityto infer the semanticcontentof pa-
rametersexists in the arrangmenbf applicationsinto di-
rectedgraphs(dicussedn [3]). By existing in an appli-
cationwhich is a predecesspwhetherimmediateor ex-



tended,of a consumingapplication,a parameteassertsa
basicsemantiaelevanceto thatconsumingapplicaton.

As an exampleof suchcontetural semanticsconsidera
graphof applicationswhich analyzethe gasflow through
the variouscomponent®f a jet engine. Presumablysuch
a graphwould be arrangednuchin the mannerof the ac-
tualflow: inlet connectedo fan,fanconnectedo compres-
sorandto fanduct,compressoconnectedo burnerandto
customembleed,andsoon. In sucha graph,the compres-
sorflow analysisvould consideparameters thefanflow
analysisto be of semantiaelevancebecausef their exis-
tencein apredecessapplicationwhile it would consider
parametersf thesamekind existingin thecomhustoranal-
ysisto beof little or norelevancebecausef theirexistence
in asuccessoapplication.

Anotheraspectof suchcontectural inference(again, dis-

cussedn greateetailin [3]) is somesenseof ‘closeness’
within theapplicationgraph.Parameterghataremoreim-

mediateto a consumingapplicationwithin the metricsof

a directedgraphof cooperatingapplicationsmay well be

more meaningfulin a semantiomannerthanthoseof like

kind existing at somegreaterremove. Continuingthe jet

engineflow example,parametersf the compressoanal-
ysis are probablymore meaningfulto the burneranalysis
thanareparametersf similarkind in thefananalysis.

3 Implementation Options

The implementationof semanticinformation discussed
above, in particularthe declarationthroughderivation of
kind, is clear and straightforvard. The approachbuilds
upon object discriminationmechanismghat are in place
andwell established Unfortunately the astutewill notice
(andprobablypointout), thatthesingle-inheritanceictum
adoptedy PIA hasintroduceda certainamountof duplica-
tioninto theobjectkind implementationln particularonce
the greatfoundationsof scalar vector and matrix forms
areset,commonconceptsuchassystemof measurement
mustbereplicatedn eachfoundation.

The confluenceof separatdaseconceptsn singly inher
ited derivationalsystemss a point of difficulty. Whenone
conceptuasystemis to bewidespreadhroughout system
of objectkinds, it is quite easyto encapsulatéhatconcep-
tual systemin abaseclassand,throughderivation,allow it
to beinheritedthroughoutall of thoseobjectkinds. When
two suchconceptuasystemsxist, but theirconsumingpb-
jectkind setsarenotidentical,no sucheasysolutionexists.

In this case,parametersnay be scalars,vectors,or ma-

triciesandthey mayor maynotbe dimensionaln ary one
of a numberof dimensionaforms (length,velocity, mass,
non-dimensionalgetc.). The difficulty arisesin deciding
which of theseconceptuasystemshouldbe foundational.
Shouldscalarsyectors,and matricieseachbe specialized
into variousdimensionafforms, or shouldthe plethoraof
dimensionaformseachbespecializednto scalarsyectors,
andmatricies?

Asdiscusse@bove, theselectiormadeby PIA (for themo-
ment)is to make the morecomplex concepf(the structural
formsof scalarvector andmatrix)foundationabndto spe-
cialize themwith the lesscomplex and more easilyrepli-
cateddimensionakoncept. This is not an uncommonrap-
proachand,indeedjs alsousedherein specializingscalars,
vectors,and matriciesinto scalars,vectors,and matricies
of Booleans]ongs, doubles, andstrings. The furtherspe-
cializationof objectkindsto system®f measuremergains
someadditionaljustificationsinceit is applied,in fact,only
to scalars,vectors,and matriciesof doubles sinceonly a
form capableof representing continuumwas considered
appropriatego systemof measurement.

Despiteall of this fine-soundindanguagethereis still the
smallpainthatalarmseachtime onefindsoneselfreplicat-
ing thesameform of codeor objectoverandoverandover.
Thisis, to someextent,the antithesiof objectorientation.
Thingsworth doing shouldonly be doneonceandshould
beinherited(andperhapdenta little bit whennecessary)
throughthe mechanisnof derivation. As a consequence,
considerabléhoughthasbeengivenasto whatelsemight
have beendone.

3.1 MultiplelInheritance

Someobjecttechnologiesfor instancethat of C++, pro-

vide for multiple inheritancen derivation. Onecould de-

clare one setof objectsthat are scalars,vectors,and ma-

tricies and anotherset of objectsthat are lengths,veloci-

ties,massesetc.,andthenderive a particularobjectbased
uponthevectorandlengthkinds,thusinheritingboththose
characteristics.

The difficulty with systemssuch as this is that ‘things’
can becomequite complicated,even when comparedto
the fascinatingcomplicationsof object-orientationtself.
In particular the matterof objectkind discriminationbe-
comesrather difficult. Multiple-inheritancemeansthat,
now, thereare multiple answers(at a given level) to the
questiorfWhat kind of objectareyou?”

Beyond this, multiple-inheritanceconfuseghe issueasto



which copy of commonelementsnheritedby the multiple

basess ‘the’ copy. If vectorsandlengthssharesomecom-

mon heritage which copy is usedin an objectthatis both

a vectoranda length? Multiple-inheritanceervironments
do provide answergo suchquestionsbut suchanswersare
usuallynotontheroadto clarity.

Finally, the governingfactis that the PIA projecthasse-
lecteda dictum of strict single inheritance. A multiple-
inheritancesolution would requirea completereworking
of theveryfoundationf the PIA implementation.

3.2 Mergingthe Concept of Dimensionality

Another alternatve would be to meige the multi-faceted
concepbf dimensionalityinto a singleconstructandplace
it in the parameteffoundationfrom whenceit would be
inherited by scalars,vectors, and matricies. Thus, in-

steadof therebeinglengths,velocities,massesetal, there
would only be dimensionalparametersvhosedimension-
ality would be a discorerablecharacteristic.Sucha con-
densedconceptof dimensionalitycould then becomea
characteristiof the parametebaseclassandbe inherited
by scalarsvectorsand matricieswithout the necessityof

replicatingthesestructuralforms for every type of dimen-
sionality

Suchaconcepthasconsiderablappeabndmaywell prove
in thelight of future experienceto be a betterchoice. The
difficulty seenat this junctureis that, by making dimen-
sionality a characteristiof all parametersi is effectively
removed from the objectkind mechanism.t wasthought
that the ability to interrogate a parameteobjectand ask,
for instance,“Are you a kind of velocity?” was a sub-
stantialcapacity asis the ability to ask“Are you a kind
of vector?” Making dimensionalitya characteristiof pa-
rametersvould have necessitatetheinventionof asecond
mechanisnpeculiarto parameterso answerthe question
“Are youakind of velocity?” Suchamaneuerwasjudged
even moreantitheticalto object-orientedarchitecturghan
the replicationof dimensionalityin eachof the structural
forms.

Anotherdifficulty with the approachwasthat,to properly
form the dimensionallysensitve functionality it would
have hadto have beendeclaredn the parametebaseclass
beforeit would have acquiredmeaningfuldefinition. For
example, the parameterscalardouble classdeclaresand
implementsa GetDoub functionwhich returnsthe encap-
sulateddouble value. To be properlyformedasa dimen-
sionally sensitve function, the GetDoub function would
have to be declaredandimplementedn a non-functional

manner)in the parameterbaseclassbefore the concept
of scalarsand doubles had beenintroduced. This, again,
seemedintitheticalto object-orientedesign.

3.3 Tieing of Object Kinds

Anothercommontechniquein situationssuchasthis is to

tie objectsof two foundationalclassedogetherthrougha

pointerand pass-througliunctionality Usually the more
complicatedclassimplementsa pointerto an instanceof

a lesscomplicatedclassand declaresand/orimplements
functionality which, in fact,is simply passedn to thein-

stanceof thatlesscomplicatectlass.

In this situation, dimensionalitywould probably be the
lesscomplicatedclassandit would be specializedhrough
derivationinto lengthdimensionalitymassdimensionality
velocity dimensionalityandthelike. The parameteclass
would beimplementedvith a pointerto a dimensionabb-
ject (which might be null for thoseparametekinds which
do not sustainthe conceptof dimensionality). Thosepa-
rameterg(the variousdouble parameteiforms) that have
dimensionalitywould thenrealizeaninstanceof theappro-
priatedimensionalitykind and,asneedarose Jet thattied
dimensionalityobjectdo whatit will to thevalueencapsu-
latedby the parametepbject.

As a matterof fact, it wasconsideredhat sucha scheme
wasvery nearlyin placein the form of the units descrip-
tion form of the applicationobjectlayereddescriptve sys-
tem. The existing descriptve form providesatext annotat-
ing the units of the describedbjectanda codevalueindi-
catingthe systemof measurementsed. (This is, in fact,
where the implementedmeasurementlerivational layer
obtainsits measuremensysteminformation.) It would
only benecessaryo furtherspecializehedescriptve form
throughderivationto provide dimensionaktorversion(and
ary otherdimensionality¥unctionality

Theamumentsagainstthis choice though,arethe sameas
before: by makingthe dimensionalityan internal charac-
teristic, the ability to discriminateparametridorms based
uponthe existing, cohesie objectkind mechanismss lost
and,to theextentthefunctionalityis desiredjt mustbeim-
plementedhroughanewv mechanisnpeculiarto parameter
objects.



4 Summary

The derivational specializationof parameterobjects for
PIA hasbeendiscussedndtheinfusionof semantianean-
ing into the parameteitself illustrated. This infusion of
meaningis a changefrom previous approachesn which
parameter®btainedsemanticmeaningby virtue of their
positionin input/outputstreamsandinternalusagen apro-
gram.

A key benefitof semantidnfusionthroughobjectderiva-
tion is that measurementypes and systemsof measure-
ment can (and do) becomeencapsulateatharacteristics
of parametebjects. Parametembjectscannow ‘know’
whetherthey arein feet or meters,poundsforce or New-
tonsandcan,thus,tailor themselesthroughcorversionto
desiredformson demand.
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